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ABSTRACT
A research project has been completed, in which
experiments involving temperature and humidity were performed
on 3M experimental microfilm samples. The experiments dealt
with humidity levels usual to file storage conditions and
elevated temperatures to allow for accelerated aging studies.
Arrhenius plots were used to extrapolate the results obtained
to normal room temperatures. The data obtained indicated
that the film has a life expectancy of 62 years at Z07.
relative humidity and 53 years at 50% when stored at 24 C.
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I. INTRODUCTION
Dry silver films were developed out of the need for a
dry processable photographic imaging system. In some of the
original cases, it was attempted to generate water within the
1
film to produce a source of moisture during processing.
Though this was a dry process externally, the idea of a true
nonliquid process was not yet achieved. Another method was
used by the 3M company, involving the use of a thermally
induced reaction to produce silver images along with a method
2
of light activation. This process was advanced and refined,
and eventually resulted in the variety of dry silver films
and papers available today.
Dry silver films consist of a silver halide latent image
forming material, a light stable, heat reducible compound,
and stable chemicals which will reduce silver compounds when
heated. All of these are either white or colorless, and must
3
remain stable at room temperatures. The use of heat to
process the image requires the emulsion to be plastic, since
a gelatin emulsion would melt. Many suitable resins are
commercially available, the preferred ones being vinyls and
acetates. Solvent soluble resins are most often used;
S
however, they are not essential. The emulsion carrying resin
is coated on a plastic base with different characteristics to
assure a minimum of interaction.
The dry silver emulsion is essentially two thin resin
layers, each containing a portion of the image forming
chemicals. The plastic layer closest to the base usually
contains the halide portion of the chemistry, NH ^ Br for
example. The layer above this contains the silver salt,
which contributes the silver for both the silver halide and
the silver metal image, which form in the layer closest to
the film base. The primary requirements of the silver salt
are that it be stable to light, chemically reduced by
7
heating, easily coated, and economical. One of the preferred
salts is silver behenate, which, when reacted with bromide
and iodide ions, forms the silver halide crystals in situ.
This reaction is carefully controlled by monitoring the
6
concentration of the ions, temperature, and contact time. In
fact, through proper selection of the chemicals,
sensitometric characteristics, such as contrast, latitude,
sensitivity, etc., may be controlled and altered to suit the
specific film product being prepared.
Usually, only 5% to 10% of the silver is converted to
halide, but this too may be varied for alternate results.
Some products have less than 17. converted, others more than
10%. However, when too small an amount of silver is
converted, the result is a
loss in sensitivity, while too
large a conversion results in a loss in stability and poor
io
image density. There is a surprising efficiency in these
films, however. One example is a typical film which contains
100 mg/sq ft of silver, of which 10 mg is silver halide.
With an exposure of 100
ergs/cm*
per unit time, this film can
li
be imaged to a D-max of 2.0.
A. DEVELOPMENT
The image forming process of these films is catalytic in
nature. Light energy forms the catalyst and heat energy
produces the silver image. The catalyst is neither consumed
nor changed during the reaction. The developing chemistry is
contained in the resin layers, and is usually a derivative of
hydroquinone. Benzotriazole is often used as both an
antifoggant and a strong toning agent. The development of
the silver image in the presence of benzotriazole results in
(3
a rich
blueblack image. The development time is between 3
o o
















This reaction occurs at a tremendously accelerated rate due
Iff
to the high temperatures. The development rate depends on
the temperature of the film, though, and not on the
temperature of the developing apparatus. Therefore, the
dominant factor in the development process is the cofficient
lb
of heat transfer. This means that the most important problem
is the maintaining of uniform heating of the film by whatever
means chosen.
Some example of the various means of developing the
films include a heated mandrel, convection oven, or forced
hot air. The mandrel method makes use of a heated roller
over which the film is passed at a specific rate. The
convection oven is simply an oven through which the film is
passed for development. The forced hot air method is similar
to a hot air device used to dry hair. The air is blown past
heating elements and is forced through an opening to pass
across the film. The results of these methods are
18
essentially equivalent.
The most important thing to realize is that the silver
halide crystal never develops. Rather, it is only a carrier
il
for the small silver metal catalyst. This results in imaging
particle sizes of about 10O angstroms in diameter. This




The uses of dry silver films are widespread. Although
its photographic speed is not comparable to wet processed
films, its high resolution and ease in processing allow it to
be used where wet processing can not or will not suffice.
The photographic applications of dry silver films
include direct recordings of laser images (from HeNe, HeCd,
and Argon lasers), direct recordings of blue and green CRT
outputs, normal lighting photographic applications, and
applications where wet processing will not work, such as in
satellites. These films are also used where water
21
conservation is essential, such as on Naval vessels.
The printing applications of dry silver films include
the contact printing of the images obtained on films,
continuous tone as well as line copy applications, and
22
projection printing of laser and CRT images.
Dry silver films also have numerous copy and microfilm
applications. The use of microfilms in both roll and sheet
forms has spread widely since their introduction, and the
desire to place more information on smaller areas is never
23
quite satisfied. The high resolutions of dry silver films
allow for good microfilm recordings, and the ease in
processing makes
them a wise choice for this form of work.
The only problem remaining is that of their stability under
various filing conditions. The sensitivity range of these
films also allows their use in facsimile recording and
2*7
wirephotos reproduced by laser scanners. The results
obtained in this field have improved dramatically since the
introduction of these films.
C. SENSITIVITY
The sensitivity of dry silver films is determined by the
control and formation of the imaging materials and the
amplification of the latent image. The spectral
sensitivities range from the ultraviolet to the near
26
infrared, or from about 300 nm to about 800 nm. Most of the
films and papers range from 300 nm to about 600 nm, just
falling short of the red region. However, paper type 7771
and film type 7869 both extend well into the near IR, with
sensitivities to about 800 nm. the photographic speeds for
the dry silver papers range from
about 15 to 80 [ANSI
PH2. 2-1966 (R1972) 1 , while the photographic sensitivity
of the
27
films ranges from 0.04 to 0.2 (1/E @ .1
+ D-min).
Resolutions for the film and paper products range from
28
35 cy/mm to 300 cy/mm with greater
resolutions projected.
(NOTE: This does not include all of the dry silver products
on the market at present, but only
those which this author
has obtained information on at
this time.)
D. SENSITOMETRY
The sensitometry of dry silver films is closely related
to that of conventional films. Other than adjusting a
sensitometer to output according to the particular
sensitivity of the film being used, the same basic method of
preparing a stepwedge image and reading output densities is
used. These densities are plotted verses the input energy to
the film, and a standard D - Log E curve is produced. This
experiment will be interested mostly in these curves,
particularly in the D-min value and how it changes during
aging at increased temperatures.
E. STABILITY
The stability of dry silver films is another
characteristic which concerns the users of these materials.
There are many factors which can alter the image of these
films, some of which are not usually suspected. Silver
images alone are vulnerable to many items, including freshly
produced plastics, engine exhaust fumes, peroxides, nitric
oxides, and many other substances.
Most blemishes occur at
scratches, dirt specks, and
other deformities on the film
itself- Even packaging and shipping materials have been
8
found to cause problems when they are new. The processing
procedures of these items create trapped gasses which have
proven to be harmful to silver images. More alarming than
this was the discovery of atmosphereic gasses, by-product
pollutants of nearby factories, and gasses from cleaning
apparatus which slowly invaded archival storage areas,
causing many items to be damaged. Temperature and humidity
conditions, as well as exposure to light also can cause
problems for a silver image. Many attempts have been made to
slow or completely halt these problems, including the use of
32
gold coatings on microfilm crystals to protect the images.
This is fine for films which have been processed and fixed.
However, dry silver films present another problem.
The catalytic processing of these films ends abruptly,
and none of the chemicals used in the image formation are
removed. Nothing is added to the film to stop the potential
continued exposure and development of the remaining crystals.
Once the film is exposed to light and heat, there is a
definite probability for the fogging of the image. Of
course, the film could be
fixed or stabilized at any time,
thereby halting image degradation, but this defeats the
3*
purpose of a dry processable film. Also, the plastic used to
coat the emulsion is not very permeable, and therefore will
3r
not allow the fixing solution to reach the crystals.
F. ARRHENIUS EQUATIONS
The primary concern of users of dry silver materials is
how long will they last and under what conditions? The
stability of most of the products on the market is known, but
these values are not easy to obtain. The relationship
between temperature, humidity, and exposure to light are
usually the parameters investigated to determine the
stability of a film; however, the time available for such
37
experimentation is usually limited. Since long term aging is
neither practical nor possible in this experiment, the aging
process will be accelerated and extrapolated to usable times
with the help of Arrhenius plots.
In the development of new products, manufacturers are
concerned with their potential lives, either in storage or in
38
use. The Arrhenius relationship has been used by others to
determine the aging characteristics of materials. Arrhenius
proposed that the logarithm of the specific rate of a
chemical reaction is proportional to the reciprocal of the
absolute temperature. This appears as such:
3*>
log k oc l / T. (1)
The phenomenon of aging depends on either a single chemical
or physical reaction, or a series
of reactions within the
10
item or between the item and its atmosphere. These reactions
are in turn dependent on temperature, thereby allowing the
use of the Arrhenius relationship to solve aging problems.
As long as the heat of activation of the item is independent
of the temperature of the environment, the logarithm of the
reaction rate constant, when plotted versus the reciprocal of
-io
the absolute temperature, will yield a straight line.
Advantages of using the Arrhenius relationships include
short term processing to determine long term effects,
determination of these effects over a wide range of
temperature variations, and the prediction of actual storage
times rather than relative stabilities. The reliability of
these predicted times can be determined using a statistical
study of the correlation coefficient and the confidence
limits of a line plotted using least squares analysis on the
data points obtained.
Even with these advantages, the test data must be
carefully controlled for the
duration of the experiment to
insure accurate results. The formula used for this
experiment is derived from the equation:
log K
= Ea / C 2.303 RT 1 + C (2)
where: K = rate constant for the detioration reaction
Ea= activation energy
T = temperature (Kelvin)
R = gas law constant (8.314 J/K-Mol) jg
C = constant for the system under study.
11
To accomplish this extrapolation, some desired effect is
measured at an elevated temperature. In this case, the
effect will be the D-min rise due to temperature storage at
these temperatures. The effect is measured to a
predetermined endpoint, and the times to reach the endpoint
are noted over a range of constant temperatures. If the
effect can be measured as a continuous function of time, the
time to the endpoint may be determined by interpolation. The
logarithm of this effect is then plotted verses time,
hopefully resulting in a linear relationship. This linearity
indicates that a first order relationship exists for the
system. The slope of the graph of log ( effect ) vs. time is
equivalent to the expression (-Ea/2.303R) . From this
equality, the activation energy for the deterioration
reaction is determined. Using this value and the equation
defined above, the reaction rate constant, K, is obtained.
Finally, this is used to extrapolate the information to room
temperature storage conditions using the equation:
log K1/K2
= Ea/2.303R (1/T2 - 1/T1) (3)
where: K2 and Ea are known at T2
Tl is "room temperature".
This information is then used to determine the life
expectancy of the




conditions. (~75F @ 50% RH)
3
The factors tested in this experiment were temperature
variations at elevated levels and humidity variations at
"normal"
levels. The samples used for the experiment were
subjected to these parameters and were tested periodically




This project consisted of four major sections of
research and experimentation. These are labelled as Film
Samples, Oven Calibration, Preparation of Salt Solutions, and
Solution Calibration and Sample Testing. Each section,
although completed separately, depended on the outcome of the
previous sections for success. It was because of these
dependencies that each stage in the experiment was performed
with as much accuracy as possible. Any problems encountered
during an experimental section were dealt with as best as
possible before proceeding to the next stage of testing.
A. Film Samples
The test samples for this experiment were donated by the
3M Company, St. Paul, Minnesota. They were samples of an
experimental dry silver microfilm on which only limited
testing for long term stability had
been performed. The
samples were exposed to red light using a 21 step density
o VV
tablet at 3M, and were developed at 265 F
for 17 seconds.
Upon their arrival, they were stored under dark, refrigerated
conditions to prevent any undesirable aging effects from
occurring before testing
could begin. The densities of the
14
samples were read using a MacBeth densitometer model TD-504.
The D-min value was the most important of the data values
obtained, since the aging tests would later be based on this.
All of the data taken was recorded in the laboratory notebook
required for this thesis.
To insure that the density values obtained were correct
and to remove any density variation between samples, a
computer program was written to convert the density values
obtained to standardized values (See Appendix A). The
program, which was a least squares curve fitting algorithm,
produced a calibration curve for the densitometer each time
the instrument was used. The density values taken at that
time were then corrected using this curve, thereby insuring
that all of the values were relatable to one another. To
insure further accuracy, the step wedge used to calibrate the
densitometer was also calibrated using a National Bureau of
Standards 21 step density tablet. With the densities of the
samples taken and corrected, the experiment proceeded to the
next stage.
B. Oven Calibration
The oven used to age the samples
was a Thelco model,
manufactured by the Precision
Scientific Company. It was a
15
simple device, with temperatures controlled by a dial with
graduations from 0 to 100 by units of 1. Since these values
did not represent a percentage of the maximum temperature,
calibration was necessary. Also, it was desired to know
something about the variation of the temperature over
extended time periods.
The calibration was performed using an alcohol
thermometer suspended in the approximate center of the oven.
The calibration of this thermometer was tested using a bath
of boiling water and, after cooling, a bath of ice water.
Since the variation of temperature in the oven would probably
be greater than that due to atmospheric pressure, the
readings obtained in the baths were not corrected for this.
o
In each case, the thermometer was within 0.25 C (average of
three readings) of the expected value, and was accepted as a
standard.
The purpose of the calibration procedure was to obtain a
table of values relating a dial setting with its
corresponding temperature.
This would allow for easier
setups when the actual tests began. The dial was set to a
number in the range desired, and after a one hour
stabilization period, the temperature
was recorded.
Repetition of this procedure to check the first results
indicated a potential problem. The temperatures obtained at
16
a particular dial setting varied, sometimes quite
considerably. It was for this reason that a variance test
was performed on the oven.
The variance test involved setting the dial to a value
and reading the temperatures related to that value at 24 hour
intervals. These intervals were chosen to insure that the
oven would reach some degree of stabilization between
readings. Data was taken for all of the settings to be used,
and was statistically analyzed for the variance at each
setting. When all of the data had been collected, it was
seen that the variance was within acceptable bounds, defined
by 95% and 99% confidence limits. From this point the
experiment proceeded to the preparation of the salt solutions
for constant relative humidity production.
C. Preparation of Salt Solutions
The problem of creating constant relative humidity
atmospheres for accelerated aging studies has been addressed
by many people. The two articles used in this project were




D.S. Carr and B.L. Harris, and "Relative Humidity
-
Temperature Relationships for Some Salt Solutions in the
o f-
Temperature Range of 0
- 50
C"
by A. Wexler and S. Hasegawa.
17
Both articles mention numerous saturated salt solutions which
produce constant humidities over a specific temperature
range. The salts used were chosen on the basis of humidity
produced over the desired temperature range, solubility in
"hot"
water, and cost, since the more expensive salts would
not be provided by the department.
Originally, the desired humidities were 50% and 20%, to
cover a wide range of
"common"
humidities. However, under
the consultation of Mr. J. Reilly, the lower end of the scale
was increased to 30% for two reasons. The first was that 30%
was a more realistic humidity for office storage conditions,
and the second was that 30% would be much easier to prepare
as far as availability of the salt to produce it and the cost
involved.
With these parameters in mind, the two salts chosen from
the literature were Sodium Bromide and Magnesium Chloride
hexahydrate. These salts produce humidities of 50% and 30%
o a
respectively over the temperature range of 120 F to ISO F
(50C to 65C) .
The saturated solutions were prepared by starting with
75 ml of water at the maximum temperature to be investigated,
65C. The salt was added with continuous stirring until it
reached its saturation point, defined as 121g/100cc for
Sodium Bromide in hot water and 367g/100cc for Magnesium
18
Chloride hexahydrate in hot water. After the saturation
point was reached, about 10
-
20g more was added to produce a
slurry along with the saturated solution. These were placed
in clean flasks and placed where they would not be disturbed
until used.
D. Solution Calibration and Sample Testing
The proposed procedure for the calibration of the
solutions and the testing of the samples was altered at the
time of the experimentation. This was necessary due to some
alterations in the original method of testing. The proposed
method was to place the sample in a dessicator, along with
the solution necessary to produce the desired humidity. This
was to allow an atmosphere to develop around the samples and
to prevent rusting the interior of the oven with the elevated
temperatures and humidities. This procedure would have been
cumbersome and slow as far as production, since the
atmosphere would be destroyed each time a sample was tested.
The solution to the problem was provided by Mr. Reilly,
who permitted the use of special sample testing containers
which he possessed. These containers were high density
plastic jars with removable
tops and specially designed
sample holders and solution troughs













They allow each sample to be tested separately as far as
humidified atmospheres, and concurrently as far as
temperatures. With the problem of the testing method solved,
the experimentation proceeded to the actual testing of the
samples.
The apparatus for testing the samples consisted of the
oven and thermometer described in section B, the sample jars
listed above, and a Bacharach temperature / humidity meter on
loan from the 3M Company. This meter required some minor
modifications since it was much too large to fit inside the
sample jars. The humidity meter, which was a diaphragm type,
was removed from the instrument completely so that it would
not have to be heated in dry air. The temperature portion of
the apparatus was adjusted to read in the desired range of
a o
120 F to 150 F. The meter was a continuous recording type,
making use of circular charts which spanned one week in time,
divided into 3 hour segments. This allowed the continuous
measurement of the temperature inside of the oven. An
electric fan was also incorporated into the system to
circulate the air in the oven, thereby preventing temperature
stratifications and keeping the temperature variations to a
minimum. This circulation was necessary since the testing
setup, consisting
of ten sample jars, the temperature meter,
and the fan, filled most of the
space in the oven. This
21
packed situation restricted any natural tendency for
ciculation due to convection in the oven, thereby requiring
artifical circulation. The alcohol thermometer was included
to provide a reference source for checking the calibration of
the Bacharach meter.
The procedure for the testing of the film samples
followed a strict routine to insure that the results would be
repeatable. The first two sample runs were performed without
calibrating the humidity solutions since the meter for doing
such had not yet been obtained. This was acceptable since
the solutions had to produce the indicated humidities due to
the laws of thermodynamics and boiling point elevation. The
calibration with a meter was merely a check to determine
within what range the produced humidities were falling.
The testing procedure began with heating the solutions
o
to the maximum temperature required, 150 F. Once the
solutions were brought to temperature, they were placed into
the solution troughs within the sample jars. The troughs
were filled to about half of their capacity with solution,
and another 1/4 with salt slurry to insure saturation
throughout the experiment. Once filled, the troughs were
placed in the sample jars, a glass slide was placed above
them to prevent contact with the samples, and the jar was
closed. The units were placed into the oven, and the system
22
was allowed to reach the desired temperature. While the jars
were being warmed to operating temperature, a preliminary
reading of the densities of the samples was performed. This
involved reading the density values of the base area
(actually base + fog) and step 18. This second value was
recorded as an extra area to look at as the testing
progressed. Step 18 was chosen since this was the last
density step which could be resolved visually. When the
desired temperature was reached, the samples were placed into
the jars, and the start time was recorded.
At periodic intervals, the sample jars were opened and
the samples were visually inspected. If a density increase
was noted, the samples were pulled and the new density values
were recorded along with the current time of exposure. Also
noted was the duration of the density testing, since this
time could not be counted toward the accelerated exposure
times. The samples were not allowed to be exposed for longer
o
than 24 hours without a test, except for the 120 F run, since
this temperature caused the slowest aging.
The densities recorded were corrected using the curve
fitting program described
previously. The final density
values were then compared to the original values, and the
density increase was
calculated. Once the samples reached
the
"failure"
point of a D-min rise of 0.3 units or greater,
the testing was ended for that run and the final exposure
time was recorded.
The second humidity meter arrived in time for the third
sample run, and was used to measure the humidities produced
o
at 50 C. The device, a Covey Hygrometer, was advertised as a
standard which would never be out of calibration. It
operated on the principle that certain crystal ine materials
change their polarization at different relative humidities.
The device consisted of a group of cells, each being a
different crystal ine material. These were arranged in order,
from a humidity value of 27.5% to 60% by 2.5% increments.
The device was tested with respect to a National Bureau of
Standards device, and a certificate of accuracy to within
+/
1.5% was included with the instrument. The humidity was
obtained by viewing the device in direct light and noting the
brightest cell. It was used to measure the humidities
produced in each of the sample containers.
E. ARRHENIUS CALCULATIONS
The data obtained from the sample testing was processed
through the various stages of the Arrhenius equations to
obtain a life expectancy value for the film
under study.
There were two possible approaches
to the processing problem,
24
one of which could not be used due to its lower degree of
precision. In any case, both methods were attempted
according to the following procedures.
The first method, which was entirely graphical,
involved the use of a density vs. log time plot to obtain a
graphical relationship of the reaction with respect to time
(See Fig. 2) . These plots extended outward and upward in an
almost parabolic fashon. The curves for different
temperatures were graphed next to each other, and when these
were complete, a density value was chosen for the first
extrapolation. This density value was selected based on the
number of curves which would be intersected when a line was
extended from the density point outward, parallel to the x
axis. At the intersections between the density line and the
sample curves, verticle lines were dropped across to another
graph, this one being temperature vs. log time. The verticle
lines were stopped when they reached the value corresponding
to the temperature of the intersected sample line.
In other words, if a density line was extended outward and
it intersected a curve representing 55 C, the verticle line
o
would be extended until it reached the 55 C point on the
graph of temperature vs. log time. The lines for each curve
intersected were extended as such, until 3 to 4 points
existed on the T vs. log time plot. These points were then
connected, and a









This line was then extrapolated up to normal room
temperature. When this new line intersected the value
corresponding to room temperature, a verticle line was
extended upward until the original density line was reached.
At this point, the extrapolations were begun again, this time
using a different density. The continuation of this results
in a new degradation plot for the film sample at room
*/7
temperature storage conditions.
Another approach to the graphical method involved the
use of a reciprocal temperature vs. log of time to failure
graph (See Fig. 3). In this case, it was necessary to know
the time required for the sample to reach the failure point
of the film, previously defined as 0.3 + base + fog. In most
of the cases in this experiment, the value was either passed
over or never reached. It was therefore necessary to
interpolate the data obtained to the desired value. This was
accomplished using the least squares curve fitting program to
determine the relationship between time and density increase.
Once this had been obtained, the equation was used to
determine the time required for the film to reach a
D
min of
0.3 + base + fog. When the failure times had been
accumulated for all of the tests, the values were plotted as
1000/K vs log time, where K is absolute temperature, and 1000
is simply a scaling













program was used to generate the equation for the graph
produced previously. These equations were then used to
determine the life expectancy of the film at room
temperature.
The second method of Arrhenius calculations was entirely
mathematical. This yielded much more accuracy in the
determination of the life expectancy of the films. To begin,
all of the data obtained for a particular run was averaged
into time categories. In other words, the data for run
number one at 30% humidity was averaged for each time
interval at which it was recorded. These values of average
density increase were then used to determine the reaction
rate constant for the temperature being worked with through
the use of the equation:
log(A/AO)=Kt (4)
where: A = the final value of the changed parameter
A0= the original value of the parameter
K = the rate constant for the reaction
t = the time to deterioration in seconds.
The rate constants were then plotted verses reciprocal
absolute temperature to obtain the
Arrhenius relationship
(See Fig. 4). The
exact equation for this plot was
determined using the
curve fitting program, and the rate
constant value for room
temperature was determined. This
29
value was then placed into the equation and the time to
failure was determined.
After this was performed, a statistical analysis was
completed to determine the confidence limits on the data used
to obtain the life expectancy, so that a degree of variation











Tables of imental data.
TABLE II: EXPOSURE VALUES TABLE 12: STEP TABLET CALIBRATION
1 STEP t #92 RED 1 RELATIVE 1
DENSITY 1 LOB E 1
1 1 0.04 3.22 1
1 2 0.19 3.07 1
1 3 0.34 2.92 1
1 4 0.51 2.75 1
1 5 0.67 2.59 1
1 6 0.82 2.44 1
1 7 0.98 2.22 1
1 B 1.14 2.12 1
1 9 1.31 1.95 1
1 10 1.46 1.80 1
1 11 1.60 1.66 1
1 12 1.74 1.52 1
1 13 1.90 1.36 i
f 14 2.06 1.20 1
1 15 2.21 1.05 I
1 16 2.36 0.90 1
1 17 2.52 0.74 1
1 18 2.69 0.57 1
1 19 2. 87 0.39 1
1 20 3.07 0.19 1
1 21 3.26 0.00 1
KVElQPHEiiT: 245 F FOR 17 SEC I
1 STEP t ACTUAL MEASURED 1
DENSITY DENSITY 1
1 1 0.06 0.06 1
1 2 0.22 0.22 1
1 3 0.38 0.38 1
1 4 0.525 0.53 i
1 5 0.69 0.70 1
1 6 0.B3 0.84 1
1 7 0.98 0.9B 1
1 B 1.12 1.12 1
1 9 1.26 1.263 1
1 10 1.42 1.416 1
1 11 1.575 1.56 1
1 12 1.72 1.693 1
1 13 1.87 1.83 1
1 14 2.04 1.99 1
I 15 2.20 2.15 1
1 16 2.34 2.29 1
1 17 2.57 2.42 1
1 IB 2.625 2.563 1
1 19 2.77 2.92 1
1 20 2.92 2.B4 1
I 21 3.06 2.996 I
TABLE #3: OVEN CALIBRATION
1 ""dial 1 TEMP.















1 15 66.5 C
III. RESULTS
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Tables of experimental data.
TftBLE #4: TEMPERATURE VARIATION IN OVEN
I DIAL I TEMP. I STATS I 997. I 957.
L!!n?*fJLJ?"DiN!fi ' LIflITS ' LINITS -
I 10 I 50.0C I I i
I I 47.0"C I X=50.0 I I
I I 55.0'C I ! 43.78 < U < 56.22 I 46.25 < U < 53.75
I I 49.5 C I S=3.021 I I
I 11 I 51.5'C I I I
I I 49.0'C I X=50.67 I I
I I 52.0 C I I 48.89 < U < 52.45 I 49.54 < U < 51.8
I I 51.0C I I I
I I 50.CC I S=1.08 I I
I 12 I 53.5C I I I
I I 52.0C I X=54.6 I I
I I 55.5C I I 49.92 < U < 59.28 I 51.78 < U < 57.42
I I 54.0C I S=2.275 I I
I I 58._0_C_j_ J_ J__
I 13 I 57.5C I I I
I I 56.0 C I X=57.0B ! I
! I 57.0C I I 55.66 < U < 58.5 I 56.18 < U < 57.98
I I 5B.5"C I 8=0.861 I I
1 I 57.0'C I I I
I l__^."Hi _! JL
I 14 I 60.0C I I I
I I 55.0 C I X=57.5 I I
I | 62.5'C I I 50.21 < U < 64.79 I 53.11 < U < 61.89
I I 55.0C I S=3.54 I I
i 1_55.'!!_!_ ~i- !~
I 15 I 65.5'C II I
I | 60.0 C I X=63.8 I I
I | 62.0C I I 57.77 < U < 69.83 I 60.16 < U < 67.44
I I 67.5tC I S=2.93 I I
I I 64.0 C I I I
III. RESULTS
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Tables of experimental data.
TABLE #5: HUMIDITY VALUES
1 CONTAINER HUMIDITY 1
1 NUMBER READING 1
1 1 < 27.5 X 1
1 2 32.5 X 1
1 4 30.0 X 1
1 5 32.5 I 1
1 6 27.5 X 1
1 7 50.0 7. 1
1 6 50.0 7. 1
1 9 47.5 I 1
1 10 50.0 7. 1
1 11 47.5 I 1
TABLE 16: AVERAGE OF DENSITY VALUES
2?!p.l.L^*Jl_L huhid"
= 30 1 " TEHP' = 50<,c ' HUMID- = 50 X '






































































TEMP. = 60 C I HUMID.J- 30 X_JI_ TEMP.
= 60C I HUMID. = 50 X I

























TEHP. = 65*C I HUHID. = 30 X II TEMP. = 65'C I HUMID. = 50 X I













0.193 I 0.221 I
1.0302 I 1.1668 I
1.6132 I 1.644 I
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Tables of experimental data.
TABLE 17: REACTION RATE CONSTANTS
1 TEMP. HUMIDITY 1 DENSITY RATE 1
1 OF RUN VALUE 1 READING CONSTANT 1
1 50 *C 30 X 1 B + F 3.423 X 10 1
1 STEP IB 4.298 X 10 1
50 X BtF 4.877 X 10 1
1 STEP 18 5.894 X 10 1
1
55*
C 30 X 1 B + F 3.474 X 10 1
1 STEP 18 3.369 X 10 1
50 X i B + F 3.558 X 10 1
1 STEP 18 3.245 X 10 1
1
60"
C 30 X 1 B + F 8.B73 X 10 1
1 STEP 18 7.944 X 10 1
50 X 1 B + F 9.524 X 10 1
1 STEP 18 8.719 X 10 1
1
65
C 30 X 1 B + F 1.762 X 10 1
1 STEP IB 1.694 X 10 1
50 X 1 B + F 2.492 X 10 1
1 STEP 18 2.355 X 10 1
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IV. DISCUSSION OF RESULTS
There were many results obtained throughout the course
of this experiment, some of which will not be discussed here
for reasons of space and time. Only the most important of
the many data values taken will be reported in this document,
with the remainder being available for examination in the
laboratory notebook for this thesis.
Table #1 in the results section shows the values of the
original step tablet used to expose the film samples. The
exposure and development processes were performed at the 3M
company, and the pertinent data was reported along with the
samples. The samples were exposed to red light, provided by
a #92 red density filter, using an E.G. and G. sensi tometer .
The development process was not defined, however the time and
o
temperature were reported to be 17 seconds at 265 F.
The values for the calibration of the step tablet are
shown in table #2, proving that the densitometer required
calibration before each sample test due to slight variations.
This calibration was based on a curve of measured densities
verses actual densities for a National Bureau of Standards 21
step density tablet. This
standard was read using a MacBeth
TD-504 densitometer. This instrument was used for the
remainder of the experiment to
remove the possible
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introduction of error which might have resulted from using a
variety of densitometers. The original density values of the
45 samples are not included in this report, but may be
examined in the lab notebook.
The next step in the procedure was the calibration of
the oven, and the final values for this may be seen in table
#3. These are the average values from a number of samples.
The results of the variation testing are listed in table #4,
and show that over the necessary temperature range, the
variation in the oven temperature never exceeds the 99%
confidence limits. These limits were calculated using the
"t"
statistic of determining confidence limits for a data set
when the amount of data is limited. The temperature
variations were examined over a period of days, with sampling
at 24 hour intervals.
Table #5 lists the values of the humidities produced by
the salt solutions in each of the sample containers. Notice
that container number 3 does not exist. This is due to the
-fact that it could not be located when these devices were
borrowed from Mr. Reilly. Figure #1 shows a cut away view of
these sample bottles, indicating the layout of the solution
trough, the glass sample slide,
and the sample itself. The
humidity values reported are
not average values, since the
method of reading the meter
involved opening the sample jars.
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thereby destroying the atmosphere inside. Obviously, it was
desireable to keep this to a minimum, and the author believes
this to be acceptable since the readings were only taken as a
backup check of the expected values. The mechanism of
humidity production by salt solutions is based on properties
of thermodynamics and boiling point elevation. Therefore,
the humidity produced should not vary by more than small
amounts from the expected values.
After the above data had been taken and analyzed, the
actual experimentation was begun. This involved taking
density readings of film samples which were exposed to
increased temperatures for known time durations. The values
were taken for both the base + fog increase and the increase
in step 18. These values were recorded for processing
through the Arrhenius relationships at a later time. Again,
all of the original density values will not be included in
this report, but may be found in the lab notebook. Table #6
shows the average of the density values taken at the time
indicated. The use of the averages was decided upon based on
previous attempts to process the data. Note that the 55 C
run at 30% and 50% relative humidities shows no practical
effect due to the humidity changes. This was due to problems
during this run, which are
not immediately evident from the
averaged values reported.
The graphical methods of Arrhenius
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analysis made use of the entire data set, but provided little
or no accuracy when extrapolations were attempted.
The first method used is displayed in figure #2. The
procedure is as described in the experimental portion of this
report. It can be seen that these curves can not accurately
represent the data taken when it comes to the extrapolations
necessary to determine the life expectancy. First of all,
the curves are scattered about, and only rough estimations of
the lines which fit them can be constructed. Second, the
values for all of the curves do not extend into the same
areas, as is necessary for this type of analysis to work
properly. Extending the curves would be possible, but this
would introduce a high degree of error. On this basis, it
was decided to neglect the results obtained here, and proceed
to another method of analysis.
The next method used seemed to be the best when a first
order approximation was performed. This procedure, as seen
in figure #3, made use of the times required for the samples
to fail. This method also had an inherent source of error in
that the times to failure had to be obtained by interpolation
from the actual results. This was accomplished through a
regression analysis of the data in a time verses density
format. Using the equation generated,
the time for the
sample to reach 0.3 units above base
+ fog was determined for
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each run. These times were then plotted as a logarithmic
function of the reciprocal of the absolute temperature.
Subsequently, these data points were run through the
regression analysis to determine the best equation describing
their relationship. Using this equation, the time for the
failure point to be reached at 24 C was determined, and
converted back into a number of years. Unfortunately, the
results obtained were far out of the range expected.
Although a life expectancy of 619 years and 238 years looked
very good on paper, it was not very believable in the real
world. At this point, it was decided that the graphical
methods of analysis were good for rough approximations, but a
more defined method was necessary to accurately determine the
life expectancy of the film.
The procedure used for the mathematical analysis of the
Arrhenius relationship consisted of determining the reaction
rate constants for each of the temperature / humidity runs
and using these constants to
obtain the time to failure at
room temperature.
The data was prepared for the analysis by taking the
average values of the samples for each run, humidity, and
time of recording. These averages can be seen in table #6 of
the results section. Using the original density values as
the AO term, the final
densities as the A term, and the time
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to reach the final densities in seconds, equation #4 was
solved for the reaction rate constant, K. These values are
listed in table #7. The logarithms of the rate constants
were plotted verses the reciprocal of absolute temperature to
obtain the Arrhenius plot for the tremperatures investigated.
Once again, these values were used in the regression program
to obtain the equation which best described the data. This
equation was then used to obtain the reaction rate constant
at room temperature, which was substituted into equation #4
along with the average base + fog value for all of the
samples, .195, and the failure point for this value, .495.
The output of these was the time in seconds for an average
sample to fail, and a conversion to years produced times of
62.35 years at 30% humidity and 52.87 years at 50% humidity.
An error analysis was performed on these values using a
differential analysis of the equation used to obtain them
(See Appendix B) . The rate constant equation was
differentiated into its parts using partial derivatives, and
these parts were then multiplied by their respective errors,
squared, summed, and
square rooted to obtain an expression
for the error in the rate constant values.
2 .Vx
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Where: dk = the error in the rate constant
t = t ime
dt = the error in time measurement
A = the final density value
dA = the error in that value
AO = the original density value
dA0= the error in that value.
The actual values were entered into the equation, and
the error terms were calculated from the standard deviations
of the values. The error values obtained were used to
determine a range for the reaction rate constants, which was
used to determine the range of possible values for the final
value of the life expectancy. Using these values, it was
determined that the final answers could range from 43.14
years to 123.21 years at 30% relative humidity and from 39.11
years to 80.27 years at 50% humidity.
These values indicate that the number of data points
taken was not enough to accurately determine the life
expectancy for the film
under study; however, they provide a
good first estimate for future work involving this film.
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V. CONCLUSIONS
The life expectancy of the 3M experimental dry silver
microfilm which was studied in this experiment is between 39
and 120 years as determined from the data taken. The time is
dependent on the humidity as well as the storage temperature,
with a longer time to failure being observed for lower
humidity values.
The data used to determine the expectancy values was
limited, in that there were not enough data values to
accurately represent the necessary Arrhenius plots.
Therefore, it can be concluded that the values obtained
represented a good first time determination of the life
expectancy for this film; however, a more detailed analysis
is necessary for a higher degree of accuracy.
The actual values determined for the time to failure at
room temperature were 62 years at 30% relative humidity, and
53 years at 50%. The large range given above indicates the
values determined through the error analysis of the data
taken and the equations used.
Suggestions for future work on this project include the
determination of more data points to more accurately
represent the reaction rates of the film, and the examination
of the effect of exposure
to light and heat similar to that
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used for copying work. The latter was originally to be
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APPENDIX A.
Least Squares Curve Fitting Program
BO REN CURVE
90 REM








300 PRINTCHR$(147)i" - LEAST SQUARES ";
303 PRINT'CURVE FITTING -":PRINT
310 PRINT"ENTER A DATA PAIR IN RESPONSE TO
EACH"
320 PRINT"QUESTION MARK, EACH PAIR IS AN X
VALUE"
330 PRINT"AND A Y VALUE SEPARATED BY A
COMMA."
335 PRINT





IN RESPONSE TO THE LAST QUESTION
MARK."
345 PRINT: PRINT
3W PRINT"THE PROGRAM IS CURRENTLY SET TO
ACCEPT"


















470 PRINTNPi"DATA PAIRS ENTERED":PRINT








515 PRINT"!* ERROR! I*
































750 Q=0:F0RK=1T0N:Q=Q+V(K)!X(J) t (K-1):NEXT
733 T=T+(Y(J)-Q)t2
740 6=G+(Y(J)-M) T 2: NEXT: IFB=0THENT=1 : 6QTD7B0
770 T=l-T/G
780 PRINT"G00DNESS OF FIT =";T
800 PRINTsPRINT"-- CONTINUATION OPTIONS --"sPRINT
810
PRINT"


















910 PRINT"ENTER";EF;nTO LEAVE THIS
MODE"
920 PRINT"HOW MANY DATA POINTS TO CONVERT?"; : INPUTA
925 IFAM0THEN1000






































1225 PRINT"G00DNESS OF FIT =";T
1230 PRINT
1235 PRINT"X POWER COEFFICIENT"

























































































1130 PRINT: INPUT"ENTER DATA POINT TO
CHANGE"
;B


































Derivation of Error for Arrhenius Equati
so
on
Beginning with the equation:
ln(A/AO)=Kt (1)
The error in K is equivalent to:





Where -&K/T>t means to take the partial derivative of K
with respect to t. (In this case, K stands for the
entire equation)
This yields:
dK=(C l/t(dln(A/AO)) 3*- I In (A/AO) dt
/*
(3)
All of these terms are known or obtainable, except
for the din (A/AO) term, which requires another partial
derivative to be taken.
This appears as:
din (A/AO) = C
(CT>ln(A/AO)/*A3dA)2
+








Substituting 5 back into 3, the final error expression
is obtained:
dK=C (1/tC
~\k ? - (In (A/AO) t~*dt
)2
3 (6)
This error expression is used to calculate the error
in the reaction rate constant based on values obtained
and the errors in these values.
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